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ABSTRACT 



If solar cells are eKposed to charged particle radiation , efficierai^y 
decreases. Also solar cell efficiency is increased by concentrated solar 
light. A solar cell concentrator system irc^lutdes shielding against 
particle radiation and provides coventrated solar light, v/ith ivreased 
ef f icievy. 

A solar cell coventrator system was constructed using a GaAs solar 
cell. Using a teat pipe, teat was transferred to a radiator. Cell 
operating teirperature vjqs measured. At the operating temperature (77° C) 
and under coventrated solar light (Concentration Ratio = 130) solar cell 
efficievy was imeasured. Obseri.«l efficievy was 18.18 + 0.18 (7.). These 
results vjere used to calculate the p>erf orimance of an array, consisting of 
smnall concentrators. Tlie perforimave of the concentrator array vas 
conpared with a com?entional array, and demonstrated tte higher 
efficievy advantages. 
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I . INTOODUCTION 



As the missions for space vehicles becoTO nx^re deimnding, additional 
electrical jx)v;er is needed from solar cell arrays. That means bigger, 
lighter, more efficient solar cells are required; furtlier, these arrays 
must operate over longer periods of time. One way of meeting this demarid 
is to build a solar cell concentrator system. A need exists for a solar 
cell array viiich consists of modular concentrator systems. fkjcoriJing to 
tte NASA Lewis Research Center studies, the economical region for unit 
concentrator system is betveen X20 and K2O0(A1O). More detail is gi^^n by 
Dennis CRef. l:p. 73. In this thesis, C = 130(AT1^) was chosen as a 
concentration lewl. A decision vjbs made to use an reflector type 
concentrator. Because of tlie reflection losses , it is decided to reflect 
the light directly just one time on to thB solar cell. In order to avoid 
the shadov; of the cell on the mrror, an off-axis type reflector vgas 
selected for this particular desicrn. To transfer the lieat from the solar 
cell to a radiator, a teat pip>e was purchased. The radiator is located on 
the back side of tte solar cell array. In order to protect tte cell from 
the flux of charged particles due to the sp>ace environnent, a shield was 
added to tte unit system. A combination of tiieory and experiments gave 
tte o^^rall total efficiency of this kind of concentrator solar cell 
array. 

Research was conducted at Naxjal Postgraduate ScItooI Solar Cell 
Laboratory. This laboratory already had a v/ide wariety of instruments 
useful for solar cell resarch. All ttese devices are described in detail 
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in Gold CRef. 2:p. 101. To build the concentrator system, an off -axis 
parabolic mirror (Melles Qriot Part Number 02POA027), a Noren 3 Watts 
Copper-Water Heat-Pipe, and 6 Ga-As Concentrator Solar Cells (Applied 
Solar Energy Corporation) vjere purchased. A picture of the solar cell is 
in Figure 1. The actiw area is the dark circle v^ich has a dianeter of 4 
nm; please note the metric scale. Later a radiation shield for the 
system vjas constructed. * 

Chapter Tvjo is an explanation of the software programs and 
measurement equipment vjhich vere used to obtain solar cell performance. 
The third chapter discusses the heat problem and its solution. Also 
Chapter Three qix^s the operating tenperature of the concentrator system. 
Chapter Four is a discussion of test results and possible errors. 
Reconnendat ions are included in Chapter Fi\>e. 




Figure 1. Photograph of the Concentrator Solar CO 11 
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II. TEST SYSTEW 



A. SOFTWARE 

In order to deri^^e tte Current -Vo It age cLirves knovan as the I-V cur\^s 
and otlier characterist ics of solar cells for HI and K130(AHE)), two 
different softvjore prograifns vjere vjritten. Softvare program El was written 
for ura^oncentrated solar light viiile softv«re program ECON vgas v^'itten 
for concentrated solar light. Both programs are p>art of a computer 
controlled measurenent system, arxi both programs are written in IBW 
Basica Lajwuage. 

A third softvere program vas written for conwrsion of linear I-V 
cur^"BS to logarithmic scale. With a logarithmic scale, the obserx/er can 
easily compare the I-V curries for different concentration lex/els. The 
data are collected automatically under computer control and are eitlier 
stored on a diskette for later computation or processed immediately and 
displayed on a hard copy plotter. The desired program is loaded into 
computer from hard disk, tlie cell connected with test block ard the test 
is started by typing El.KiSICA or ECON. BASICA. From this point on, the 
interact ixie program asks for choices of user aid displays tlie messages 
and data on rmonitor screen. 

1 . Software El 

This program is used to measure the ceil com^rsion efficiency 

and I-V curx.»es at K1<AH0). In this measurement, tlie solar cell to be 

tested is connected to test prone. A Kratos solar light simulator is set 
2 

to AT® (1353 W/mi ) based upon measured I (Short circuit current ) for 

sc 
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calibrated GaAs cell. Next tte comnpirter applies a sliort circuit coralition 
to tlie cell and neasures both the current in tl*ie circuit and the ^.^oltage 
directly across the solar cell. Dus to the series resistance in the cell, 
the self bias of tlie cell is slightly forvjard. The conputer decreases the 
wltage applied to the cell in steps of approx iiietely 2n#/ and records the 
wltage at each step until it gets the first negatiw \ralue. The short 
circuit current is conputed by interpolating betvgeen currents obtained at 
slightly negati\?e and slightly positiw voltages. Tlie conputer tlien 
increases the applied voltage in posit i\^ 2YnM steps recording current and 
tioltage at each point. The open circuit wltage (V ) is found by 

interpolating betvgeen the voltages obtained at slightly posit ix^ and 

slightly negativ»e currents. 

The conputer calculates tlie povger at each data point and searclies 

for the nBKinum pover <P ). Fill Factor (FF) is determined from 
^ nan 

P 

pp = (1) 

sc oc 

Ti^ violtage and current at noKimum povjer point giv^es I and V 

^ ^ max nex 

via lues. The conputer plots the conplete I-V curve usir^ a HP 7475ft 

plotter and displays the relevant parameters including '^oc* ^nex* 

V , I , ef f iciency(i 7 ) j FF, date, concentration lev»el (C) and cell 
max max 

nane. ftlso the data are recorded to tte user’s floppy disk. 

2. Softvjare ECC^ 

This softvjGure is slightly differ from El. Meastirements are made 
under cora>entrated solar light. The concentration ratio is determined by 
measuring I under concentrated light and I of the same cell under 
one sun light. The concentration ratio is then giv^n by 
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c = 



(2) 



I 

sc 



I 

SCO 

concentrat ion ratio is clianged by controlling tlie distance of solar 



cell to the solar light source. Tte efficiency is conputed from 

P Hi 



_nrBK SCO 

P. H A 



(3) 



1 c sc 

In this equation, A^ represents the cell surface area, and P^ is the 
power of the Kl(AW) sun light for unit area- 
3. Sof tvjare LOGS 

Tliis particular software is used to com?ert tte linear scale I-V 
cur^.je plots to logarithmic scales. By using this software, an obserwr 
can easily see the effect of concentrated solar light on the solar cell 



FF, I aiKl V . 
’ sc oc 



B. EQUIPrENT SET-UP 

A high concentration test facility that provides concentrated solar 
light at x.jariable intensities (up to X2TO AM0) for a solar image 0.5 cm. 
in diameter was de’i.^ loped. The Kratos 2500 light source is used as a 
solar light simulator. The tenperature controlled test block is sj>ecially 
designed to accomodate solar cells with different sliape and dimensions. 
For details, see Gold [Ref. 2:p. 161. The test block provides three 
things: first holds the cell; second, provides electrical connections; 
and, third, provides a I^at sink for the solar cell. A thermocoijple is 
TiDunted to tte test block ’i.^ry near to the cell to measttre the cell 
temperature. The temperature is controlled by the cooling water. (Pooling 
water is obtained from a CH/P temperature control circuit at fined flow 
rate- One IBW digital/analog (D/A) conwrter is assigned to measure the 
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cell output troltage. Current is measured by a HP-3478A nultimeter. The 
sink pover supply is a combination of HP-59501B and HP-6825A; tiiese units 
function as a \rariable impedance. The computer is an IHl-PC/XT, v;ith a 10 
I® harddisk. An HP-7475A is used as a plotter. More details are gixfen by 
Gold [Ref. 2:pp. 20-263. 
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III. miT CONCENTRATOR SYSTEM 



A. EFFECT CO^K:E^^RATIOH 

Using scf tvsre El, GaAs concentrator cells vjere tested. The 
t en'^erat tire set to 28 C. Restiits are sttnifTBr i sed in Tahle 3~1. 







TAH-E 3-1 




FEASURED CELL. 


EFFICIENCY AT T=28° C AND C=1 




CELL NAfE 


CELLl 


CELL2 CELL3 CELL'l CELLS 


CELL6 


EFFICIENCY 


16.3 


16.9 16.5 16.6 16.6 


17.2 



Tlie TTEan ef f icieiK^ies of these cells is rj - 16.68 v.dth a staiKlard 
deviation + 0.32. I-V cur^.^es of these cells are ira^luded in Appendix A. 
Using softv;Eire ECC^, the second test of the cell v/ith consentrated flux 
vjere obtained- Terrperature v;as set to 28° C, and the concentration of 
light v«s derived from Equation (2). tlie cell’s short circuit 

current for KKA110) at the same tenperature. For more details, see James 
[Ref. 3:p. 243. Table 3-2 contains these cells and their efficiencies. 



TABLE 3-2 

WEftSURED CELL EFFICIEICIEB AT T=28° C AND C= 130 



CELL NATE 


CELLl 


CELL2 


CELL3 


CELL4 


CELLS 


CELL6 


efficiei«:y 


20.26 


19.77 


19.41 


19.91 


19.80 


19.99 



The mean efficiencies of these ceils is = 19.82 with a standard 
deviation + 0.23. I-V curws of these cells are included in Appendix A. 
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Because of the concentration of light, efficiencies are inpro^.^. Tlie 
I-V cisrues of tte sane cell under different concentrat ion levels are 
plotted on tlie sane plot v;ith a logaritlimic scale- Tliese plots are 
incliKied in AppendiK A. 



B. SOLUTION TO HEAT PROHJEM 



Tlie efficiency increase t^cause of tlie concentration of sun light is 
an ad^-^antage of tlie concentrator system- But at tlie sane tine, ti*e Iieat 
collected on the solar cell increases considerably- The er^rgy carried by 
photons vJiich cannot be converted to electric energy is com^erted to 
Iieat- In space the heat is transferred by radiation- If erergy collected 
on tlie solar cell is not renc^Jed and radiated to space, the solar cell 
becomes ^.lery hot- If we assume both sides of the cell radiates to space 
(T^=0° K) as a black body under a concentration le^.»el X130(An0), tlie 
tenf^rature of solar cell v/ill reach to T^=778° C according to equation 




c 



P. ^ C A 

1 c 

o ^ 



(4) 



r 

o is the Stephan-Boltsman constant and is equal to an eKperimental value 
-8 2 4 

of 5-73 ^ 10 W/(m -K ). A is the total radiation area and, in this 

r ’ 

case, equals 



A = 2 A (5) 
r c 

It is a recessity to provide an operating tenf^rature for the solar 
cell v^ich cannot dannge the cell- A safe operating tenperature can be 
achiexTed by carrying the encessiw heat from the solar cell to a large 
radiation area. In this particular design, heat is carried by a heat pipe 
to the array back surface and radiated to space- At C = 130 and AI® 
conditions, the solar energy ^which is incident on the solair cell is 
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W. = C P. A 

1 1C 


<6) 




W. = 130 » 0.1353 w 0.1256 
1 


(7) 




W. = 2.21 Watts 
1 


(8) 


The cross 


section area of paratmloid mirror for a C =130 nust 


be eqtial 


to 




A = C M A 
m c 


<9) 




A = 16.33 cm^ . 
m 


<10) 



According to thB MBlles-Qriot CRef. 4:p. 193], the reflection coefficient 
for the mirror used in these eKperiments is p = 0.8 for solar light. Tliat 
TTeans the cross sectional area of the mirror for C = 130 should te equal 
to 



A 

rrr 

A 



= A / p 
m ^ 



= 20.41 cm 



( 11 ) 

( 12 ) 



vnr 

If sttbII concentrator systen© are asseirfoied to build a bigger solar 
array, the packaging factor (P.F. ) should be calculated. As a sp)ecial 
case orthogonal close packing is considered. In this case, P.F. = 0.907. 

More detail is provided in Appendix B. Because of tte P.F. = 0.907, 
unit has a radiation area of 



A = A / P.F. (13) 

r rm 

A = 22.5 cm^. <14) 

r 

The radial ^.yariation in tenperature in the thermaiy-radiat ing disc 
located on the back surface of the mirror is analyzed in Appendix B. The 
radiation efficiency of the array back surface is sufficient to allow an 
assunption that Q = 1 as a wry gcxxi approxinet ion. That means the back 
surface radiates as if the tenperature vjere uniform and equal to the T^. 
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Emittame of radiator is taken s = 0.96 for an oil paint. It is assiined 
the radiator radiates to = 0 K. Actually = 3 K . With these 
assumptions can be calculated from, 



1 



P. w ( 1 - ) 

1 



O ^ ^ ^ Q 

r 



(15) 



Figure 2 is tlie plot of vs. ? 7 . From Equation (15), is a 
function of rj . But the same time ?7 is a function of (Cell op^erating 
teiiperature) . Figure 3 is a plot of vs. q. is calculated from 



T = T. + 
op 1 



(16) 



Wtere AT is tlie temperature difference between the solar cell and tlie 
radiator. Equation (15) must be solved by iteration since r 7 is a furaution 
of T by Equation (16), and of T.. Assume T = 28°C and C = 130; q is 
taken as 0.20. Then is obtained from Figure 2 for q = 0.20. Figure 3 
gires an q for the wliich is calculated from Ecjuation (16). This q 
qii^s a rev/ T^ in Figure 2. This process is repeated until q is the same 
^.^luB in Figure 2 and Figure 3. The condenser section of the Iieat pij>e is 
put into vjater vjhich serres as the Iieat sink. The temperature of tlie teat 
sink is taken equal to T^. text, the evaporator section of teat pif« is 
attaclied to the solar cell. The solar cell is exposed to light. Tte teat 
pipe body is insulated by an insulator material in order to prerent 
further teat loss by convection to the air. Also the teat pipe is placed 
horizontal in order to compensate for tte effect of gravity. AT is found 
by experiments to equal to 2°C. Tte teat sink and tte teat pipe were 
photographed in Figure 4. After ore series of repetition of these 
measuren^nts, efficiency is found to be 17 = 18.18. (Operating tenperature 
was ineasured using Chrome 1 -A lumel ttermxxmjqple and was found to be 
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T =77°C. The I-V curves of solar cells are in Appendix A. Table 3-3 
op 

gi^.»es tte cells efficiencies at ^ and CS130. 







TABLE 3-3 






HEASURED CEll. 


EFFICIEirciEB AT T=77° C AND 


130 




CELL NAME 


CELLl 


CE3-L2 CELL3 CELL4 


CELL5 


CELL6 


EFFICIEUCY 


18.23 


18.01 18.24 18.47 


18. 10 


17.99 



The nean efficiencies of ttese cells is 18.18 with a standard deviation 
+<». 18 . 




Figure 2 . Radiator Temperature as a Function of Cell Efficiency 
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Figure 4. Photograph of the Heat 8ink and Heat Pipe 
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IV. DISCl^IOK OF TEST RESULTS 



ft. CONCENTRftTOR ARRAY PERFCRWftNCE 

In Table 4-1 the results viiich vjere measured until now, are compared 

to a flexible planar array. Planar array performEUK^ is found in 

Patterson CRef. 5:p. 53. Firom Table 4-1 it can be seen that using simall 

2 

unit concentrator systemis in order to build an array, greater W/m can 
be achie^sed. A picture of the unit corai^entrator is in Figure 5. 



TABLE 4-1 

couparisk^ of planar and ccm:entrator arrays 



ARRAY TYPE 


FLEXiai: PLANAR 


SMALL CCtKENTRATCSl 


CELL T 

op 


68° C 


77° C 


P /A 

ITBK 


147 W/m^ 


246 W/m^ 


P.F. 


0.86 


0.90 


OPTIC EFF. 


1 


0.8 


ARRAY POWER 


126 W/m^ 


177 M/m^ 



B. ERRCR ANALYSIS 

Kratos spectral quality vj^s discussed in Gold CRef- 2:p- 383 and was 
foLmd that tliere is an a^^rage of 17. difference between measurements 
made in NPS Laboratory and the ASEC x.Talues supplied \^nth ths solar cells. 
The close agreement vjas considered to be good. However, changes of Kratos 
sLtpply voltage affects the light intensity of the Kratos lamp and 
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cxinsequently the curve of the cell. In order to decrease the effect of 
sudden and short durational voltage changes, e^^ry data point in the I-V 
cur^je is measured 20 consecutive times. An average of tliese 20 
measureiTBnts giws tliB data point itself. For perturbat ions vJiich are not 
snell and last for a lor^ period of time, a necessity exists for 
repeating all tests from tte starting point. 

Resolution Is 2.3 irf/ for the A/D comber ter and 2 wfJ for the povjer 
supply. All tenperature measurements have an error of +0.5 K. Tenperature 
measureiTents of tte cell vjere recorded by a thermocouple, viiich is 
located very near to the cell on the test block. Thermal contact betvjeen 
the test block and the thernocouple is good. 

The conputation of cell performance is based on a Space Environment 
tenperature of T^= 0 K; but this is not the case alvays. The value of T^ 
can change depending on the position of tlie space vehicle and time. 




Figure 5. Pliotograph of the Unit Corei^ntrator 
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V. RECCtlTEHDATIONS 



One advantage of a concentrator system is shielding against radiation 
of cliarged j^articles and space dusts (micrometeroid erosion). The GaAs 
solar cells tested in this thesis should be irradiated with high energy 
electrons. The cells should be located within the solar concentrator to 
validate the lewl of shielding vhich is anticipated. 

In this thesis, because of the low ref lectivity of the mirror (0. 8) , 
light vjQS reflected only one time. If durable mirrors with higher 
reflectivity are a^^ilable, a Cassegrain type small concentrator is more 
attractive because of economy and the ease of the design. Reference to 
Figure 6 shows that for a Cassegrain optical arrangement a heat pipe will 
not be necessary- Further, it can be assumed that, a Cassegrain system 
will giw TTore radiation protection because of the geometry. 




Figure 6. Cassegrain Type Modular Concentrator 
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APPENDIK A 



CELL CURRENT-W^TA®: CURVES 

Table 3-1 reports the efficiency for the \yarious cells at C = 1. 

Figure 7 to 12 report current - to I t age (I-V) cuttos for cells 1 to 6 for T 
= 28° C. Tte inforimtion provided by the cuttos iroludes I , V , P 

sc’ OC’ TTRK, 

V , I j FF and efficieroy. Similar data are shovjni in Figure 13 to 18 

YinaX TTB.K 

for same conditions except C = 130. Figures 19 to 24 show I-V cuttos for 

T = 77° C aiKi C = 130. The same data from Figures 7 to 12 and from Figure 

13 to 18 are replotted using a semi-log scale for conparision purposes. A 

TOry large change in current occurs- The change in TOltage (V ) is 

oc 

minor- 
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Figure 7- I-V Cur^.^ from CELL-1 
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CELL NO: CELL2 
DATE : 1906-001-12 
TEMP (C) : 20 
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Figure 8. I-V Curw from CELL2 
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Figi-tre 9. I-V Cur^^ from CELL3 
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Figure 10. I-V Ct^r'-Je from CEU_4 
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Figure 11. I-V Curt.^ from CELLS 
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Figxjore 12. I-V Curve from CEU-6 
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Figure 13. I-V Curw from CEULl 
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Figure 14. I-V Curiae from CELL2 
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Figure 15. I-V Curve from CEll-3 
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Figure 16. I-V Curw from CELL4 
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Figx-ire 17. I-V Curt?e from CELLS 
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Figure 18. I-V Curve from CF1.LS 
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Figx.ire 19, I-V Curw from CE3-L1 
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Figtire 20. I-V Cur^>e from CEll-2 
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Figure 21. I~V Cut'^ from CFll 3 
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Figure 22. I~V Curw from CFl J A 
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Figure 23. I-V Curt^e from CELLS 
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Figure 24. I-V Curw from CELLS 
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Figure 25- Conparision of Cell I-V Curves with Different 
Cora^entrat ion Levels 
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Figure 26. Conparision of Cell I-V Cur^^es with Different 
Concentration Levels 



41 



VOLTAGE (mV) 



1000 




O ^ 



O 

O 

CVJ 



o 

o 



o 

o 

o 



o 

o 

cn 



o 

o 

OD 



O 

O 

r-s 



o 

o 

to 



o 

o 

ID 



O 

o 



o 

o 

cn 



o 

o 

cu 

o 

o 



o 



> 

E 



LU 

CD 

< 

h- 

_1 

O 

> 



(vuij) iN3aan3 

Figure 27. Conparision of Cell I-V Cur^^s with Different 
Concentration Levels 
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Figure 28. Conparision of Cell I-V Curves with Different 
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Figixre 29. Conparision of Cell I-V Curves with Different 
Concentration Levels 
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APPENDIX B 



SOLUTION TO DIFFERENTIAL EQUATION 

2 

In Chapter 3, it v«s calculated that A^=20.41 cm . E>.?ery 

concentrator has an area of A for the optics viiich receix.ies solar 

mr 

radiation. Tte radius of tte projected area of the concentrator on the 
array surface is r^=2.94 cm viiich is calculated from Ecfuation <17>- 



r = A / u 
m mr 



(17) 



If the cora^ntrators with circular mirrors are packed orthogonally, some 
parts of the array cannot be co\?ered by circular mirrors because of the 
geometry, art the back surface area can te used totally as a radiator. 
Packir^ geometry of tte mirrors is sho\in in Figure 31. CX^rall P.F. is 
equal to the P.F. of tte unit area which is the the rectangle ABCD in 
Figure 31. If tte centers of tte 4 closest circles are connected by 



lines, tte area between these lines is the unit area (A ). A can be 
’ r r 



calculated from 



u / /, 2 2 ,1/2 

h=(4r -r ) 

m 

A = h ^ 2 r » CkDS a 
r m 

Cos a = r / 2 r 
m m 



(18) 

(19) 

(20) 



Tte area of tte 4 mirrors in this unit area is A . A is calculated 

P P 



A = n r ( 1/6 + 1/6 + 2/6 + 2/6 ) 
p m 



P.F. = A / A 
P r 



0.5, 



P.F. = n / i 2 ^ 3 ) = 0.907 



( 21 ) 

( 22 ) 

(23) 



Now, e^.»ery concentrator has a radiation area of A^=22.5 cm on tte back 
surface of tte array. It is assumed tte back surface of tte array is 
coated with oil paint vhich has a emissiuity of ^=0.96. Tte front surface 
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of tlie array is mostly co^.»ered (P,F,=0.907) by mirrors. It is assunnd 

that the areas vliich are not covered v/ith mirrors are coated v/ith very 

reflecti^^ coating material (o^ 0, 0). From Figure 31, r^ is tlie 

mKimuDT!! distance betvjeen circle centers and equal to 

r = r / Cos (a/2) = 3.4 cm. (24) 

n m 

The determination of the unknovjn teiiperature distribution vnthin the fin 
requires a coupled solution. T!ie unit radiator disk thickr^ss is b 
(=0-lcm), inner radius is r.(=0.5cm), outer radius is r (=r ) arai thermal 
conductivity is k. Ehergy is supplied to inner edge from heat pipe of 
radius r. that fits the central tole ajradl maintains the inner edge at T. . 
Tlie exposed annular surface, viiich is diffuse-gray with emissivity f, 
radiates to the environment vliich at temperature = 0 E. Tlie disk is 
thin (b=0.1 cm) enough so that the local tenperature can be taken as 
constant across the thickness b. An energy balance equates the coraltHution 
in and radiation and corxiuction out. The differential equation for heat 
transfer v/ithin tlie disc is 

k 2n r b = s a T^ 2n r dr-k 2n b r ^--+(-k 2 n r b “-)dr (25) 

dr dr dr 

If b and k are constant, tlie energy balance becomes, 

k b ( r e a = 0 (26) 

r dr dr 

This differential equation vjas solved in Siegel C Ref.: 2 pp. 390-3923 

for tvjo boundary conditions T=T. at r=r. and dT/dr=0 at r=r . Tvjo 

11 o 

paraneters were used ( 6 and V), and Figure 32 was calculated. The 

equations for the parameters are 

V =(r -r.)^ E a T.^/ k b . (27) 

O 1 1 

5 = r / r. (28) 

□ 1 
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For copper k is equal to 4.01 W cm ^ K ^ at 

0 5 

and Equation (28), V ‘ =0.04 and 6 = 6.8 

qiue = 1 from Figure 32. 



T = 300 K. From Equation (27) 
vere calculated. Tliese values 




Figure 31. (3rtiiogonal Packing of Mirrors 




Conduction 

in 



a) Disc Geonetry b) Portion of Ring Eletient on Disc 
c) Radiation Fin Elfficiency for Disc Radiator 
Figure 32. Tenperature DistribLrt ion in a Thin Radiating Disc 
(Reproduced from Siegel [Ref. 6:p. 3901) 
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